Background: Although cross-sectional studies have shown that leukocyte is linked with metabolic syndrome (MetS), few longitudinal or cohort studies have been used to confirm this relationship. We therefore conducted a large-scale health check-up longitudinal cohort in urban Chinese population from middle to upper socioeconomic strata to investigate and prove the association between the total leukocyte/its subtypes and MetS/its components (obesity, hyperglycemia, dyslipidemia, and hypertension).
Introduction
Metabolic syndrome (MetS) refers to a constellation of metabolic and cardiovascular disease (CVD) risk factors, characterized by obesity, hyperglycemia, dyslipidemia, hypertension and insulin resistance, proinflammatory state, and prothrombotic state [1, 2] . It is rapidly increasing in prevalence and poses as a major challenge to public health worldwide [3] [4] [5] [6] [7] . The fact that MetS is accompanied by a low-grade inflammation suggests inflammation may play an important role in the etiology [8, 9] . Various crosssectional studies indicated that serum C-reactive protein (CRP) levels were higher among individuals with increased MetS risk factors [10] [11] [12] [13] [14] , and a large cohort study of healthy American women over an eight-year follow-up suggested that CRP had clinically important prognostic information to MetS [15] . Although high sensitivity CRP (hs-CRP) was superior to leukocyte count as an inflammatory component of MetS in Japanese [16] , the latter provided a higher diagnostic accuracy for MetS in a study of Koreans, suggesting that leukocyte may be a risk and prognostic factor for the syndrome when hs-CRP is not available. In addition to cross-sectional studies with suggestions that elevated leukocyte counts were a surrogate marker for MetS [17] [18] [19] [20] [21] [22] [23] , some attempts were also made with cohort or longitudinal data indicating that leukocyte was a potential causal factor of MetS [24] [25] [26] .
Despite awareness of the limitation with cross-sectional studies [18] [19] [20] [21] [22] [23] , the longitudinal studies just mentioned [25] , only utilized the baseline leukocyte count which is known to fluctuate during the lifespan of most people. Furthermore, few studies have assessed the relationship between subtype(s) of leukocyte and MetS/its components (obesity, hyperglycemia, dyslipidemia, and hypertension). We, therefore, conducted a large-scale health check-up based longitudinal cohort study in urban Han Chinese population from middle to upper socioeconomic strata, and the generalized estimating equation (GEE) model was used to detect the association between the total leukocyte/its subtypes and MetS/ its single components. The longitudinal cohort study allowed us to use repeated observations of the same set of variables during the follow-up, and the GEE model can not only adjust for the inherent correlations between the observations, but also provide robust standard errors for regression coefficients when the independence assumption is violated [27] . Since the total l leukocyte/its subtypes are simple, readily available and inexpensive measures, findings from such a study may provide convenient and useful markers for further risk appraisal of MetS.
Materials and Methods

Study samples
A large scale longitudinal cohort study was set up in 2005 on middle-to-upper class urban Han Chinese who attended routine health checks at Centers for Health Management of Shandong Provincial Qianfoshan Hospital and of Shandong Provincial Hospital. A sub-cohort was selected from those free of MetS nor its components (obesity, dyslipidemia, hyperglycemia, and hypertension) at baseline. A total of 6,513 participants with at least three health checks in the six-year follow-up were included in our study. All individuals in the sub-cohort underwent a general health questionnaire, anthropometric, and laboratory test. The general health questionnaire covered smoking, alcohol intake, diet, sleeping quality and physical activity. The anthropometric tests included height, weight, and blood pressure, with both height and weight measured with light clothing without shoes. Body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ) as an evidence of obesity. Blood pressure was measured on the right arm from a sitting position following a 5-min rest. Laboratory tests included total leukocyte/its subtypes, glucose, total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides (TG), uric acid(UA), gamma-glutamyl transpeptidase (GGT), serum albumin(ALB), serum globulins(GLO), blood urea nitrogen (BUN), serum creatinine (S-Cr), hemoglobin (Hb), hematokrit (HCT), mean corpuscular volume(MCV), mean corpuscular hemoglobin (MCH), red blood cell distribution width (RDW), platelet distribution width (PDW), mean platelet volume (MPV) and thrombocytocrit (PCT). This study was approved by the Ethics Committee of School of Public Health, Shandong University, and all participants gave informed written consent. 
Definition of Metabolic Syndrome
According to the criteria given by the Chinese Medical Association Diabetes Branch (CDS) designed for Chinese [28] , MetS was defined as presence of three or more of the following four risk factors: 1) obesity or overweight, BMI$25 0kg/m 2 ; 2) hypertension, systolic/diastolic blood pressure $140/90 mmHg or previous diagnosis; 3) dyslipidemia, defined as fasting TG$1.7 mmol/L(110 mg/dl), or fasting high-density(HDL),0.9 mmol/L(35 mg/dl); 4) hyperglycemia, fasting blood-glucose (FPG)$6.1 mmol/L(110 mg/dl) or 2 h Post-meal glucose (PG)$7.8 mmol/L(140 mg/dl), or previous diagnosis.
Statistical Analysis
Missing Data Imputation. To account for missing values, multiple imputation was performed. Since imputation method of choice depended on the pattern of missingness and the type of the imputed variables, without loss of generality the Markov chain Monte Carlo (MCMC) method was chosen according to MI Procedure of SAS 9.2 [29] . After imputation, all variables had less than 10% missing observations, in particular, less than 2% for the total leukocyte and its subtypes, and 1% for other variables except diet, drinking, smoking, quality of sleep and physical activity.
Data analysis. Summary statistics were obtained for variables of interest at both baseline and follow-up. Simple GEE model was first used to select factors associated with MetS, and multiple GEE model was further adopted to detect the association between leukocyte/its subtypes counts and MetS/its components [30] [31] [32] [33] .
Variables which were significant at the significant level of 0.05 (a) in the simple GEE analysis entered the multiple GEE model to adjust the potential confounding. The GEE models used 'Logit' as the link function, adjusted for baseline age, and those P,0.05 were considered significant. All statistical analysis was performed by SAS 9.2. Table 1 are the characteristics of the total leukocyte/ its subtype, together with potential confounding factors at baseline and each follow-up year. This indicated that they were generally higher than baseline (P,0.05), though some did not reach statistical significance. A total of 255 cases of MetS occurred over the six-year follow-up, leading to a total incidence density of 11.45 per 1,000 person-years (255/22279 person-years), with 1.7, 9, 12.6,18.2 and 19.6 per 1,000 person-years of follow-up in the 1st, 2nd, 3rd, 4th and 5th year, respectively.
Results
Shown in
Before GEE analysis, the total leukocyte/its subtype were orderly discretized by P 25 , P 50 P 75 quartiles (see Table S1 ). Shown in Table S2 to S6 were the results of the simple GEE analysis. This suggesting that a) Age, gender, Leukocyte, Lymphocyte, Monocyte, Neutrophil, GGT, ALB, GLO, BUN, TC, Hb, HCT, MCH, diet, drinking and smoking were associated with MetS(see Table S2 ); b)All variables except basophil, PDW, MPV, PCT, quality of sleep and physical activity with obesity (see Table S3 ); c) All variables except basophil, PDW and PCT with dyslipidemia (see Table S4 ); d) All variables except eosnophils, basophil, PDW, MPV, PCT, drinking, quality of sleep and exercise with hyperglycemia (see Table S5 ); e) All variables except leukocyte, lymphocyte, monocyte, neutrophil, eosnophils, GGT, MCH, diet, drinking, smoking and quality of sleep with hypertension (see Table S6 ). Shown in Table 2 were the association between the total leukocyte and MetS after adjusting the potential confounders in the multiple GEE analysis, such that it was associated with MetS at the top quartile (RR = 2.66, 95%CI = 1.81-3.90); p,0.0001), the third quartile (RR = 1.60, 95%CI = 1.06-2.38); p = 0.0243) levels using the Q1 as reference level. Although not significant at Q2, a trend of increase of RR was observed from Q2 to Q4. Shown in Table 3 was the association between the leukocyte subtypes and MetS after adjusting the potential confounders in the multiple GEE analysis, suggesting that similar trends can be found in monocytes, lymphocytes, and neutrophils compared with the total leukocyte, though some levels did not reach statistical significance.
The association of the total leukocyte/its subtypes with single MetS component (obesity, diabetes, hypertension and dyslipidemia) were further explored and shown in Tables S7, S8 , S9, S10, S11, S12, S13. The total leukocyte, neutrophil, monocyte and eosinophil levels were strong and independent risk factors to obesity and an obvious increased trend of RR are revealed from Q2 to Q4 after adjusting the potential confounding factors (see Table S7 and Table S8 ). For hypertension, neither total leukocyte nor its subtypes were statistically significant (see Table S9 ).
Nevertheless, the total leukocyte and neutrophil were strong and independent risk factors to dyslipidemia(see Table S10 and  Table S11 ). Finally, for hyperglycemia, the total leukocyte and neutrophil were significant, though not at the second quartile (see Table S12 and Table S13 ).
Discussion
This work mainly focus on detecting the association between the total leukocyte/ its subtypes and MetS/its components using the routine health-check based longitudinal cohort of urban Han Chinese population from middle to upper socioeconomic strata. The total incidence density was 11.45 per 1,000 person-years, with 1.7, 9, 12.6, 18.2 and 19.6 per 1,000 person-years of follow-up in the 1st, 2nd, 3rd, 4th and 5th year, respectively. Similar trend was reported in Japanese employee population [26] .
We found that the total leukocyte was strongly associated with MetS and a dose-response existed (see Table 2 ). Furthermore, similar trends can be found in monocytes, lymphocytes, and neutrophils compared with the total leukocyte, though some levels did not reach statistical significance (see Table 3 ). In addition, similar findings were also reported by different study in different population, including a health check-up cohort in South China [25] , Japanese employee population [26] , and black-white population (preadolescents, adolescents, and adults) [16] , These consistent conclusions indicated that the total leukocyte/its subtype may provide convenient and useful markers for further risk appraisal of MetS. The associations of the total leukocyte/its subtype with single MetS component (obesity, diabetes, hypertension and dyslipidemia) were also identified in this paper. The total leukocyte, neutrophil, monocyte and eosinophil levels were strong and independent risk factors to obesity (see Table S7 and Table S8) , total leukocyte and neutrophil to dyslipidemia(see Table S10 and Table S11 )and hyperglycemia (see Table S12 and Table S13 ), while neither total leukocyte nor its subtypes to hypertension (see Table S9 ). Our finding confirmed the conclusions drawn from previous cross-section studies [18, 20, 34, 34, 35, 35] . Therefore, our results highlighted the association between the total leukocyte/its subtype and a variety of features of the MetS, indicating that they may be the earlier biomarkers for predicting cardiovascular disease than the components of MetS.
Although the mechanism of the relationship between leukocyte and metabolic syndrome remained unclear, several explanations have been offered: a) Insulin resistance played an important role in metabolic disturbances [36, 37] , leading to higher gathering of inflammatory markers, including the total leukocyte and other inflammatory factors, such as CRP, IL-6, tumor necrosis factora (TNF-a), As a result, statistical association between the total leukocyte and MetS in population can be detected [38, 39] . b) Both obesity and dyslipidemia were the major precursors for development of MetS, and perivascular white adipose tissue can release proinflammatory cytokines [40] , such as IL-8, leading to elevated leukocyte, especially the monocytes and granulocytes. In addition, TNF-a is shown to be constitutively expressed by adipose tissue, and this proinflammatory cytokines leads to elevated leukocyte [41] [42] [43] . Therefore, the total leukocyte/its subtype were associated with MetS. c) Hypertension, hyperlipidemia or hyperglycemia were the major precursors of MetS which can damage vascular endothelial. Furthermore, vascular endothelial cells can produce intracellular adhesion molecule-1, which caused the leukocyte to adhere to the vascular wall [18, 44] , resulting production of new cytokines and chemokines, then cytokines were potential inducers of leukocyte differentiation [45] . In return, activated differentiated leukocyte can produce more cytokines [46] [47] [48] . Neutrophils can aggregate and release damaging substances, such as free radicals and proteolytic enzymes. Free radicals can lead to dysfunction of vascular endothelial cells, and a vicious circle was built. Thus the statistical association between leukocyte (especially neutrophils) and MetS was discovered.
A limitation of this study lie in the fact that use of routine health check-up population for middle-to-upper class urban Han Chinese can be subject to selection bias. Further investigation using general population is preferable. Due to the disadvantage of our routine health check-up database, we were unable to access the medical history of the participants. Owing to the absence of waist circumference measurement, the diagnostic criteria of MetS just based China Diabetes Federation, rather than international Standard criteria.
In conclusion, the total leukocyte/its subtype may provide convenient and useful markers for further risk appraisal of MetS, and they might be the earlier biomarkers for predicting cardiovascular disease than the components of MetS. 
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